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ENERGY DETECTION DEVICE 

TECHNICAL FIELD 

The present invention relates to the detection of energy 
levels and ?eld strength indications of RF transponder 
devices. Speci?cally, energy detection and ?eld strength 
indication in the microWave energy range. More speci?cally, 
the invention is useful in the consumable energy automation 
dispensing arts. 

RELATED ART 

In the World of consumable energy automation, recent 
developments and advancements noW permit customers to 
?ll their automobiles Without having to interact With an 
attendant or an automated device such as a credit card 
reader. The chief bene?ts include safety and simplicity. 
Customers no longer need to eXpose Wallets or purses in 
search of a credit card, a debit card, or cash. 

Acustomer is issued a small handheld transponder device 
about the siZe of a key-chain Which is encoded With iden 
ti?cation and account data pertinent to that particular cus 
tomer. The transponder device need not be handheld but may 
also be mounted someWhere in the car such as the inside area 
of the front or rear Windshield. Further, the transponder 
device may be active or passive depending on the level of 
functionality desired by a customer. Active transponders 
have increased memory and require a poWer source such as 
a battery contained Within the device to facilitate memory 
storage. Passive transponders possess limited memory and 
require no battery. The transponders can be pre-programmed 
With additional information about the customer such as 
Whether a receipt of a given transaction is desired. 

FIG. 1 illustrates a prior art handheld and car mounted 
transponder system for purchasing fuel at a fuel dispensing 
device 110 Without the need for direct interaction With an 
attendant or a point-of-sale (POS) device. When a car 
mounted transponder tag 112 is brought Within the effective 
range 114 of an antenna 116 coupled to interrogation device 
118 ?Xed Within or on a fuel dispensing pump device 110, 
the interrogation device 118 communicates With the custom 
er’s car mounted transponder tag 112 obtaining the requisite 
identi?cation and account information regarding the trans 
action about to be made With that customer. The interroga 
tion device 118 is further connected to a netWork computer 
point-of-sale (POS) device 120 for authoriZing the requested 
transaction With a central computer 122. The system Works 
similarly for a handheld transponder tag 124 communicating 
via antenna 126 With interrogation device 118. The chief 
difference betWeen car mounted transponder tags 112 and 
handheld transponder tags 124 is the placement of antenna 
126 and the effective range 114 of the handheld transponder 
tag 124. 

For such a retail consumable energy automation system to 
Work reliably it is imperative that the electronics equipment 
perform at optimum levels at all times. In order to ensure 
such reliability, an unobtrusive test of the interrogation 
device is desirable to verify signals are being sent and 
received Without any loss or corruption of data. Moreover, it 
is desirable to knoW the ?eld strength of the aforementioned 
system in order to verify that the system has a suf?cient 
effective range of operation. 

The present invention is an energy detection diagnostic 
device for reading and evaluating several critical factors 
pertaining to the RF communication of signals betWeen 
transponder tags and interrogation devices. Field strength 
and ?eld orientation measurements are determined in order 
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2 
to verify optimal performance of the system. Further, the 
present invention performs these measurements in an unob 
trusive manner that does not require the system to be shut 
doWn and mechanically accessed. 

DISCLOSURE OF THE INVENTION 

The present invention comprises a handheld energy detec 
tion diagnostic device for detecting and measuring high 
frequency energy. The device comprises a pick-up or 
antenna mechanism coupled to electronics circuitry to 
receive and evaluate RF energy characteristics being emitted 
from an interrogation device, for instance. Based upon the 
level of received energy and the level of eXpected energy, the 
device presents a ratio to the operator indicating a degree of 
performance currently being experienced at a particular 
interrogation device. The device is small enough to be 
handheld and included With a technician’s standard set of 
tools. 

It is an object of the present invention to provide a device 
for measuring the ?eld strength of a deployed interrogation 
device/antenna con?guration. 

It is a further object of the invention to provide a device 
for indicating the electric ?eld orientation of a deployed 
interrogation device/antenna con?guration. 

It is still another object of the present invention to provide 
a device that indicates to the operator a relative measure 
ment indicating a degree of performance of a deployed 
interrogation device/antenna con?guration With respect to 
?eld strength and electric ?eld orientation. 

Further objects of the invention Will become apparent to 
those skilled in the art With reference to the accompanying 
?gures and Written description beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art or conventional handheld and 
car mounted transponder system for purchasing fuel at a gas 
pump Without the need for direct interaction With an atten 
dant or a point-of-sale (POS) device; 

FIG. 2 and FIG. 2A are illustrating the energy detection 
device of the present invention as seen from the outside top; 

FIG. 3 is a top level block diagram of the logic process 
employed by the energy detection device; 

FIG. 4 is a schematic illustrating the basic circuit Within 
the energy detection device; 

FIG. 4A is a schematic illustrating one embodiment of the 
pick-up circuitry suitable for high frequency energy; 

FIG. 4B is a schematic illustrating one embodiment of the 
pick-up circuitry suitable for loW frequency inductive 
energy; 

FIG. 4C is a schematic illustrating one embodiment of the 
pick-up circuitry suitable for both loW and high frequency 
energy; 

FIG. 5 is a diagram illustrating an energy detection device 
testing a system that is malfunctioning; 

FIG. 6 is a diagram illustrating an energy detection device 
testing a system that is functioning properly; 

FIG. 7 is a block diagram illustrating the steps for 
measuring aXial ratio using tWo antennas; and 

FIG. 8 is a block diagram illustrating the steps for 
measuring aXial ratio using a single antenna. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention is described more fully hereinafter 
With reference to the accompanying draWings, in Which 
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preferred embodiments of the invention are shown. This 
invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. 

The present invention is described beloW With reference 
to ?oWchart illustrations of methods and systems according 
to the invention. It Will be understood that each block of the 
?oWchart illustrations, and combinations of blocks in the 
?oWchart illustrations, can be implemented by combinations 
of means for performing the speci?ed functions, and com 
binations of steps for performing the speci?ed functions. 

Referring noW to FIGS. 1—4 of the draWings, the preferred 
embodiment of the present invention comprises a handheld 
diagnostic boX-like device (as shoWn in FIGS. 2 and 2A) 
capable of determining the output RF ?eld strength of an 
interrogation boX transponder. An interrogation boX tran 
sponder system is shoWn in FIG. 1 and has been previously 
described in the related art section of the present application. 
Moreover, by varying the orientation of the energy detection 
device, the operator can also determine the effective ?eld 
dimensions or geometry of the interrogation boX’s antenna. 

Field geometry is important in consumable energy dis 
pensing since an automobile being ?lled Will necessarily be 
in a location proximate to the consumable energy dispensing 
machine. The automobile’s tank must be Within the reach of 
the dispenser’s hose. In order to be operable for car mounted 
transponder tags, the interrogation boX’s ?eld geometry 
must be suf?cient to encompass a transponder tag mounting 
location that is virtually anyWhere on the car. For handheld 
transponder tags, the considerations for measuring ?eld 
geometry are slightly different since the transponder tag is 
more mobile than that of a car mounted transponder tag. For 
instance, a handheld transponder tag can be brought very 
close to the fuel dispensing machine in order for a transac 
tion to take place. Nevertheless, it is still important to knoW 
and determine the ?eld strength and ?eld geometry of 
handheld transponder tag systems in order to ensure an 
interrogation boX system is operating at suf?cient levels. 

FIGS. 2 and 2A illustrate the energy detection diagnostic 
device of the present invention. FIG. 2 shoWs a “black box” 
generally designated 200 containing electronics circuitry 
(not shoWn) for detecting and evaluating the presence of an 
RF ?eld. FIG. 2A illustrates the same general device 200 
having a video display 210 for visually indicating the status 
results of the RF ?eld check. FIG. 2A also shoWs a speaker 
212 for audibly indicating to the operator via a speci?c tone 
or beep the status results of the RF ?eld check. 

FIG. 3 is a block diagram of the system logic for the 
energy detection device of the present invention. The energy 
detection diagnostic device is placed Within the eXpected 
transmission and reception range of an automated consum 
able energy system. Within the device, a loW value reference 
voltage 310 is applied to an RF detector circuit block 320. 
The output of the RF detector circuit block 320 and a higher 
value reference voltage 330 are applied to a compare block 
340. In the present invention compare block 340 comprises 
an operational ampli?er circuit. The results of compare 
block 340 are forWarded to an output block 350. Output 
block 350 can indicate the operational status of the system 
in either an audio or video fashion. 

FIG. 4 illustrates the circuitry Within the energy detection 
diagnostic device of the present invention. The energy 
detection device employs a pick-up mechanism 450 coupled 
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4 
to an antenna (not shoWn) to collect RF energy. Three 
pick-up mechanism 450 embodiments are illustrated in 
FIGS. 4A, 4B, and 4C, respectively. The pick-up mechanism 
450 of FIG. 4A comprises an RC netWork (435 and 440) and 
diode 430 to create a DC signal from the AC RF signal 
received at the antenna. Speci?cally, the detected RF energy 
is fed to the RC netWork (435 and 440) Which develops a DC 
value in the presence of an RF ?eld. A reference voltage is 
used to develop a knoWn stable voltage on the order of 1.2 
volts. This reference voltage Will not vary With time. A 
resistive voltage divider (420 and 425) is employed to create 
a second stable voltage on the order of 5 millivolts beloW the 
1.2 v reference voltage. The second, loWer, voltage is 
coupled to the negative terminal of the RC netWork (435 and 
440). The positive terminal of the RC netWork (435 and 440) 
is coupled to the negative input of an operational ampli?er 
445. The positive input of the operational ampli?er 445 is 
coupled to the higher of the reference voltages. Upon 
suf?cient presence of RF energy, the operational ampli?er 
445 Will trigger a transistor 470 Which in turn drives an 
output device 475 notifying the operator of the energy 
detection device of the presence of RF energy. In its quies 
cent state, the entire netWork draWs a minimal current of less 
than 50 microamps. The presence of an RF energy ?eld is 
enough to have the operational ampli?er 445 activate tran 
sistor 470 Which in turn drives output device 475. 
The pick-up mechanism 450 con?guration of FIG. 4A is 

most suitable for high frequency energy systems. The other 
tWo pick-up mechanisms 450 operate similarly to that of 
FIG. 4A. One of ordinary skill in the art can easily substitute 
one pick-up mechanism 450 for another Without departing 
from the spirit or scope of the present invention. The choice 
of pick-up mechanisms is based upon the frequency of 
energy desired to detect. For instance, the pick-up mecha 
nism 450 con?guration illustrated in FIG. 4B is most suit 
able for loW frequency inductive energy systems While the 
pick-up mechanism 450 con?guration illustrated in FIG. 4C 
is suitable for both loW and high frequency energy systems. 
The output device 475 can be a visual computer display 

such as a meter, an LCD, an LED, or any other knoWn in the 
art. The output device 475 can also be an audio alert such as 
a beep or a tone or a series of same Which serve to notify the 

operator of the energy detection device of the presence of RF 
energy. An audio alert is sometimes preferable, especially if 
the device is being operated in an area of bright lighting 
Which could hinder attempts to read a visual display. 

Prior devices have been developed that simply measure 
the RF poWer emitted by a system for use by technicians to 
diagnose and correct the system. A signi?cant draWback in 
such devices is the inability to quickly and unobtrusively 
ascertain Whether a return signal has been received by the 
system. That is, such devices can only determine hoW Well 
a system is transmitting not hoW Well a system is responding 
to received data. At least not in a quick and unobtrusive 
manner. The prior art means for verifying system response 
utiliZes RFID (Radio Frequency Identi?cation) test tags. 
This is both obtrusive and time consuming. It is obtrusive 
because it ties up the system being tested since the diag 
nostics of the system have to be accessed thereby taking the 
system “offline” While being tested. It is time consuming 
because, While a simple response test using only the RFID 
test tag can be conducted, test tags are coded to be rejected 
and must be cleared by a technician from the dispenser 
before another customer transaction can occur. 

The present invention, hoWever, uses a signal testing tool 
and a test tag in combination to test the effectiveness of the 
system forWard and return RF links. Moreover, it is done 
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unobtrusively on a loW level that does not require interaction 
With other parts of the system. 

FIGS. 5 and 6 illustrate test sequences for a malfunction 
ing and properly operating system. Currently, diagnostic 
devices simply put out a tone to mimic the pulsing RF 
transmission pattern of the RFID transceiver of the system 
being tested. 

The energy detection diagnostic device 510 of the present 
invention reads the transmission pattern of the dispenser 
mounted antennas 520, 530 and also provides a beeping tone 
that mimics the rate of the transmission, the relative RF 
signal strength, and the transmission pattern of the system’s 
transceiver. Upon detecting a test transponder signal, the 
system modi?es the normal transmission pattern to indicate 
a received signal. If a technician holds the energy detection 
diagnostic device proximate to a receive/transmit antenna 
pair 520, 530 and hears only the normal transmission tone of 
the transceiver 540, then the technician Will knoW that the 
return link is malfunctioning or Weak because the transmis 
sion pattern Was not altered. If the system’s transceiver is 
properly operating, the technician Will hear the test tag 
response Which is audibly distinguishable from the normal 
transmission tone. Thus, the technician can quickly and 
unobtrusively determine by the tone of the return signal if 
the system’s transceiver is receiving RF data from the tag. 
Use of the system is not impacted during performance of the 
test. 

A ?rst alternative embodiment of the present invention 
incorporates increased diagnostic processing Within the 
energy detection device. The increased processing calculates 
a ratio betWeen measured RF ?eld strength and expected RF 
?eld strength thereby yielding a more precise indication of 
a particular system’s operating condition. Output results are 
displayed to the operator utiliZing the ratio Which permits 
the operator to determine instantaneously hoW Well and to 
What degree the system is operating. 

The ratio circuit is essentially a means for providing an 
evaluation of the axial ratio of the ?eld around the trans 
mitting antenna. Axial ratio measurements provide a means 
for determining Whether an antenna is performing properly. 

Present systems commonly use a dipole antenna for the 
return link. Being a dipole, the antenna has a preferred 
orientation in any incident electromagnetic ?eld. If the 
antenna is oriented at right angles to the electrical portion of 
the incident ?eld, there Will be minimal pickup, and minimal 
performance. To alleviate this orientation sensitivity, the 
transmitting antenna is typically a circularly polariZed 
antenna. Circularly polariZed antennas are constructed in a 
manner Which causes the electromagnetic ?eld to rotate after 
leaving the antenna. 

Normally, circular polariZation causes the electrical ?eld 
to be fairly uniform regardless of orientation, providing 
freedom from orientation sensitivity. 

In the event of a problem in the antenna, feed system, or 
environment, the quality of the circular polariZation may be 
affected, causing for example, a strengthening of the elec 
trical component in the horiZontal axis, and a related Weak 
ening in the vertical axis. This Would translate to variability 
in transponder tag sensitivity related to transponder tag 
orientation. 

The axial ratio measurement provides an evaluation of the 
electrical ?eld strength in a ?rst plane versus the electrical 
?eld strength in a second orthogonal plane. TWo approaches 
are presented for determining axial ratio and they are illus 
trated in the block diagrams of FIGS. 7 and 8. 

The ?rst approach is illustrated in FIG. 7 and entails using 
tWo orthogonal antennas 710, 720 to capture energy in two 
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6 
orthogonal planes. The captured energy signals can then be 
optionally passed through a pre-ampli?er 730 in order to 
increase the effective range of the test. The signal strength of 
each antenna 710, 720 is detected 740 and passed to a 
processing block 750 Which calculates the axial ratio of the 
tWo signals. The axial ratio can be displayed, or the ratio 
could be evaluated, and turned into a go/no-go indication. 
Either Way, the results are displayed 760 to a technician. 

While the ?rst approach Would Work, it could potentially 
incorporate some error into the process since the measure 
ment is based on tWo distinct points, and not the same point. 
Any standing Wave present in the ?eld could cause an error 
in the measurements. 
The second approach, illustrated in the block diagram of 

FIG. 8, uses a single linearly polariZed antenna 810. Antenna 
810 captures the present RF energy and is optionally ampli 
?ed 820 before a strength measurement is detected 830. The 
signal is then passed to a processing block 850 Which 
captures the ?rst signal reading. The antenna 810 is then 
rotated 90 degrees and the process is repeated to the point 
Where processing block 850 captures the second signal 
reading. The processing block 850 Would then calculate the 
ratio of the tWo readings to determine the axial ratio. 
Similarly, the results of the axial ratio calculation are dis 
played 860 to a technician. The second approach is advan 
tageous since it avoids the problems of standing Waves, and 
the measurement can be taken at one point in space. 
The present invention is not limited in scope to systems 

and methods for detecting RF ?eld energy emitted by 
automated fuel dispensing systems. The present invention 
may be utiliZed for detecting RF ?eld energy emitted by 
other automated consumable energy dispensing systems 
including, but not limited to, fossil fuels and electrically 
stored energy. Further, the principles disclosed herein are 
equally applicable to detection of RF energy for systems 
other than consumable energy automated dispensing sys 
tems. The foregoing is illustrative of the present invention 
and is not to be construed as limiting thereof. Although a feW 
exemplary embodiments of this invention have been 
described, those skilled in the art Will readily appreciate that 
many modi?cations are possible in the exemplary embodi 
ments Without materially departing from the novel teachings 
and advantages of this invention. Accordingly, all such 
modi?cations are intended to be included Within the scope of 
this invention as de?ned in the claims. 

In the claims, means-plus-function clause are intended to 
cover the structures described herein as performing the 
recited function and not only structural equivalents but also 
equivalent structures. Therefore, it is to be understood that 
the foregoing is illustrative of the present invention and is 
not to be construed as limited to the speci?c embodiments 
disclosed, and that modi?cations to the disclosed 
embodiments, as Well as other embodiments, are intended to 
be included Within the scope of the appended claims. The 
invention is de?ned by the folloWing claims, With equiva 
lents of the claims to be included therein. 
What is claimed is: 
1. A radio frequency energy detection device comprising: 
an antenna for collecting RF energy; 
a detection netWork for determining RF ?eld signal 

strength coupled to said antenna, said detection net 
Work comprising: 
a poWer source for generating a ?rst voltage reference; 
a resistive voltage divider coupled to said poWer source 

for generating a second loWer voltage reference; 
an RC netWork having a positive and negative terminal 

for collecting RF energy, said resistive voltage 
divider coupled to the negative terminal of said RC 
netWork; 
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a diode coupled to said RC network for converting 
collected RF energy from an AC signal to a DC 
signal; 

an operational ampli?er having positive and negative 
inputs and an output, said ?rst reference voltage fed 
to said operational arnpli?er positive input, and said 
operational arnpli?er negative input coupled to the 
positive terminal of said RC netWork; and 

8 
a transistor coupled to said operational arnpli?er output 

for driving said output means; and 

an output for communicating the results said RF ?eld 
strength determination to an operator of the energy 
detection device. 


